The quality of groundwater depends on quality of water recharging the aquifer and the hydrologic and biogeochemical processes in it. In order to treat specific water properties and heavy metals present in groundwater, aeration and filtration process is applied. The objectives of this study are i) to investigate the groundwater properties collected from unconfined and confined aquifer, and ii) to analyze the groundwater properties varied by aeration period in a small tanks. The removal efficiency for turbidity, iron and manganese fall in the range of 25% to 30%, 9% to 66% and 50% to 90% for all samples, respectively. The dissolved oxygen content did influenced the average value of studied parameters, especially for pH value of confined samples, within 3 hours aeration, the value increase from 4.88 to 7.28, which is fulfil the requirement of Malaysian standard. It can be concluded that for all parameters observed, there were changes in values either increased or decreased throughout the aeration and filtration process for both studied aquifers.
INTRODUCTION
In 1998, Selangor had experienced a long period of drought causing severe water shortage due to the lower water level in Langat and Semenyih dam. For about three months of water rationing was imposed for residents in Klang Valley. This water crisis has triggered the government to find other water source instead of fully dependable on surface water. Moreover, water consumption of Malaysia in 2012 -2013 shows an increased at 61.5% and 38.5% for domestic and nondomestic used, respectively [1] .
In Selangor state, the consumption of water in 2012 -2013, also shows a slight increase which is 58% and 42% for domestic and non-domestic used, respectively. Malaysian government has stated its intention to further expand water supply and due to that the National Economic Action Council (Malaysia) had identified groundwater as one source that has great potential to be developed. The Geological Survey in Peninsular Malaysia has been involved in groundwater investigations since its inception in 1903 (2) . By referring to the hydrogeological map of Peninsular Malaysia [3] ; Kuala Lumpur Federal Territory, Selangor and Kelantan are states with most active wells. All these wells are located in high and very high aquifer potential.
However, according to National Hydraulic Research Institute of Malaysia (NAHRIM) [4] , rapid development had exposed groundwater to contamination as being discussed in report produced by geohydrology research center which assessed the water quality based on pumping effect and land use activity. Muhkhtar et al., [5] indicated that high concentration of contaminants exists in the downstream area coinciding with local groundwater flow. Iron and manganese are naturally occurring elements which are commonly found in groundwater and their concentration varies with the depth and location of the well also the geology of an area. The metals present in deeper wells where the groundwater may have little or no oxygen, and in areas where groundwater flows through soils rich in organic matter.
The concentration of iron and manganese in well water can fluctuate seasonally. Moreover, the quality of groundwater depends on the quality of water recharging the aquifer and the hydrologic and biogeochemical processes that affect it along flow paths from recharge to discharge areas (6) . A variety of chemical, physical and biological processes can alter the chemistry of water as it is moves along flow paths from recharge areas to points deeper in the aquifer. Chemical processes include mineral dissolution and precipitation and ion exchange, which are referred as water/rock interactions (7) .
In general, the groundwater was treated with the process as aeration and filtration for removing iron and manganese either for domestic consumption of irrigation purposes (8) (9) (10) (11) (12) . The objectives of this paper are i) to investigate the groundwater properties by referring to the type of aquifer, and ii) to analyze the groundwater properties during aeration process in a small tanks.
METHODOLOGY

Sampling Location
The location of groundwater sampling were chosen based on type of aquifer located at industrial sites in Selangor ( Figure 1 ). The hydrogeological information and data were referred to sample collected from tube well at specific locations. For the time being these wells are active and used for industrial and domestic purposes.
Wells classified into their usages (agriculture, domestic, industrial, monitoring and natural mineral water. Wells also are categorized into low (orange region), medium (yellow region), high (green region) and very high (blue region) aquifer potential and whether it is an active, inactive or abandoned/not found/unknown well. Kuala Lumpur Federal Territory, Selangor and Kelantan are states with most active wells due to their locations which are located in high and very high aquifer potential. Figure 1 Hydrogeological map of Selangor state and the location of four sampling points [3] Groundwater samples were collected at four different sites; two sites for each type of aquifer (Table 1) categorized by unconfined aquifer (namely sample A and B) and confined aquifer (namely Sample C and D). Table 1 also tabulated the information of the wells such as location, coordinate and type of aquifer. Sample A and B are from unconfined aquifer (alluvium, peat/ soil) and sample C and D are from confined aquifer (hard rock). It can be summarized that the total depth for confined aquifers is normal depth compared to unconfined aquifers and their geological formation form from hard rock. All samples were categorized as fresh and generally potable water and each tube well with more than 10 to 20 m 3 /hr. 
Methods
In this study, the groundwater samples were collected at four different sites categorized as unconfined and confined aquifer. Figure 2 shows the groundwater sampling process where an existence of tube well with tap ( Figure 2a ) at site was used to collect the groundwater sample. A container of high-density polyethylene plastic (20 liters) was used to keep the sample and a pipe hose was used to connect the tap from the tube well (Figure 2a ) to the containers. Figure  2 (b) and (c) show the examples of groundwater samples collected from two types of aquifer; unconfined and confined, respectively. It can be seen that the confined groundwater sample is clearer compared to unconfined sample. About 100 liters volume of groundwater sample were collected for each site to accommodate the equipment in order to run the treatment process which is aeration (water-into-air) and followed by manganese greensand filtration. Manganese greensand (formulated from a glauconite greensand) is capable of reducing iron, manganese and hydrogen sulfide from water through oxidation and filtration. Figure 3 shows a small scale tank equipment used in this study to run the treatment process. It consist of plastic tank, pipes manifold, filtration basin and several small tubes at the bottom. Groundwater samples were treated by aeration process (water-into-air method) and filtration process with a final polish using manganese greensand. The properties of groundwater such as pH, dissolved oxygen, turbidity and metal concentration (iron and manganese) will be assessed before, during and after the process (3, 5 and 7 hours). Furthermore, a comparison between two types of aquifer; unconfined and confined was carried out.
The flow chart of the treatment process is shown in Figure 4 . Sample was filled in the storage tank and water pump was used to make sure the flow rate was set at 10 liter/min. The process was set to flow for 7 hours continuously. The amount of water used (100 L) is adequate for water recycling condition (zero discharge). Table 3 and 4 show the summary of results for groundwater samples collected from unconfined and confined aquifer, respectively.
RESULTS AND DISCUSSION
Each of these results will be compared to standard used in Malaysia for drinking water purposes, National Drinking Water Quality standard (NQWS) by Ministry of Health (MOH). According to the initial results tabulated in the tables; it can be stated that the average initial pH reading is neutral for unconfined aquifer however the average initial pH reading for confined aquifer is acidic maybe due to its lithology properties. According to Zhao et al. [13] , there a several factors that contributes to lower pH of confined aquifer such as the acidity of rainwater, from dissociation of H2CO3, release of the absorbed H3O + in clay layers and lack of alkaline substances in the groundwater systems produce an accumulation of groundwater acidity. Moreover, referring to Carter [14] , it is natural that groundwater samples (not affected by human activities) having lower pH since it is controlled primarily by the chemical properties of rainwater in combination with minerals and biological activity in the soil and aquifers.
The final results of dissolved oxygen (DO) values for both aquifers are increased throughout the treatment process. The rate of dissolved oxygen content observed throughout the aeration process for 3, 5 and 7 hour duration of all samples are constant such as for sample A, the value is around 4.8, sample B is 6.2 and sample C and D are 5.9. The final turbidity value of unconfined aquifer was higher compared to the confined aquifer. Iron and manganese final concentrations of confined aquifer are higher compare to unconfined aquifer and above the standard for both aquifers except for iron concentration from Sample D. The final readings (pH, DO, turbidity and heavy metals concentration -iron and manganese) for 3, 5 and 7 hours were recorded.
Spray nozzles were used for water-intoair method: Spray nozzles connected to a pipe manifold; the water leaves each nozzle in a fine spray and falls through the surrounding air, creating a fountain affect.
At the bottom of the basin, few small tubes which will convey the filtrated water into the storage tank and the recirculation process will be carried out for about 7 hours. N. D. = not detected; Sample C = Bangi; Sample D = Batang Berjuntai *NDWQS -National Drinking Water Quality Standard by Ministry of Health -MOH, Malaysia [15] From both tables, it can be summarised that the removal efficiency for turbidity, iron and manganese fall in the range of 25% to 30%, 9% to 66% and 50% to 90% for all samples, respectively. In detail assessment, the average final pH values for all samples after 3, 5 and 7 hours treatment process is in the range of 7.04 to 8.38 and 4.88 to 7.63 for unconfined aquifer (sample A, B) and confined aquifer (sample C, D) water samples, respectively. It can be summarised that the pH values after treated is within the range of standard requirements for Malaysian. In general, the water-into-air aeration methods have increased dissolved oxygen concentration and caused a decrease pattern in parameters studied in this paper which are turbidity, manganese and iron of groundwater samples regardless of sampling location. Specifically on turbidity and manganese content, the first three hours aeration process give a huge impact to the parameters concentration. With the constant dissolved oxygen content, the trend for manganese concentration is drastically reduce for the first three hours treatment process.
Dissolved oxygen and turbidity properties are used to describe the water chemistry in the aquifer. According to Rose and Long [16] , the DO concentration has a significant effect upon groundwater quality by regulating the valence state of trace metals and by constraining the bacterial metabolism of dissolved organic species. The final values of turbidity for all studied samples showed a decreased pattern throughout the treatment process. However, the final values except for Sample C still did not fulfil the standard values required by Malaysian government which is less than 5 NTU for drinking purposes. The initial turbidity for unconfined and confined aquifers were too high to be treated using this treatment scheme. According to Kenworthy [17] , the analysis of several flow in a karst conduit reveals that peaks in turbidity and suspended solids concentration display a complex relationship to variations in flow hydraulics. Based on study conducted by Nebbache et al. [18] , for a karstic catchment, the mechanisms which explain changes in turbidity and nitrate, results from a strong continuity between surface and underground waters.
For iron and manganese concentration, it can be concluded that there were reduction pattern for all samples except for samples D where iron was not detected. By referring to the standard pH and manganese final value, show that the results was in an acceptable range for drinking purposes for each confined and unconfined aquifers.
Samples collected from unconfined (sample A, B) and confined aquifers (sample C) show high concentration of iron and even 7 hours of treatment was inadequate to reduce it to acceptable levels (Fig. 5a) . However, for manganese, the reduction pattern was obvious especially for sample C which is from confined aquifer (Figure 5b ). Figure 6 show a relationship between dissolved oxygen and manganese during the treatment process for all samples.
Figure 6
The relationship between manganese concentration and dissolved oxygen for 7 hours treament From the figure, manganese concentration reduce when dissolved oxygen increase. According to Kohl and Medlar [19] , the direction of manganese cycling depends upon the dissolved oxygen in water. When adequate DO is available, aerobic condition predominate and MNO2 is formed and precipitates from the water. Throughout the aeration period, oxygenated water will prevent the iron and manganese from dissolving and the water produce will have low concentration of the metals. The oxygen supplied during the treatment will precipitate iron and manganese from the water.
The iron concentration for each aquifer not showing an impressive results for the aeration and filtration method. Table 5 tabulated the trend line equations and regression values for samples (A-C) to study more on the reduction pattern of iron concentration.
It shows that satisfying values will be achieved for sample A and B if the treatment is prolong for another 5 hours based on the regression values above 0.5. The linear trend line method can be recommended for future prediction of iron in sample A and B. However, R 2 value for sample C is low and it is not fitted into a linear equation.
CONCLUSION
The assessment and treatment of groundwater collected from confined and unconfined aquifer was carried out and discussed in this paper.
Final pH and dissolved oxygen values for all samples (unconfined and confined aquifers) were fall in the range of the acceptable values by Ministry of Health, Malaysia (12) and Department of Environment, Malaysia (13) regarding to drinking water quality standard. National Drinking Water Quality Standard.
The application method of water-into-air with additional usage of manganese greensand as a filter media showed removal of manganese concentration below 0.1 mg/L. The removal percentage for manganese has showed a higher percentage among others with 80% for sample B (unconfined aquifer) and 90% for sample C (confined aquifer). However, for iron concentration removal of sample collected from unconfined aquifer site is not very effective not reach 50% removal) but there was a reduction in value.
In conclusion, the water-into-air aeration method with additional filtration can effectively increase and reduce specific parameters values to the drinking water quality standard required by Malaysian Government except for iron from samples collected from confined aquifer.
